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FOREWORD

This effort was sponsored by the US Army Land Warfare Laboratory,
Aberdeen Proving Ground, MD. It was carried out under the Technical
Supervision of Mr. Gerald E. Cook of the Applied Physics Branch,
Advanced Development Division. The work was conducted to refine and
further develop the capabilities required by LWL Task 06-P-72, entitled
"Glare Reduction" and LWL Task 21-P-73 entitled "Glare Reduction-AAVSCOM".
The first task concerned itself with various approaches to reduction of
the visible sun reflections from the attack helicopter canopy whereas
the second task specifically addressed the design, fabrication instal-
lation and test of a flat-surfaced canopy. This was the LWL-35,
referred to within the report, which was modelled along with other
experimental configurations. To aid in the side-by-side comparison

of the flat canopy with a standard canopy, work reported upon herein
was carried out to predict the occurrences and locations of reflections
from the flat canopy. Assisted by these predictions motion picture
views of the comparison tests were taken, edited and compiled into a
narrated, 16 mm film entitled "Reduction of Helicopter Canopy Sun
Reflections". This film was submitted as the visual record/report of
the second task (21-P-73) by the USALWL to the sponsoring office, the
AMC Product Manager For Aircraft Survivability Equipment.
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1.0 INTRODUCTION AND SUMMARY

This report covers the work performed on Work Assigrment #6 of
contract number DAADO5-72-C~0284 and on Work Assigrment #3 of contract number
DAAD05-73-C-0305. The latter work assigrment was an extension of the first
such that the work covered by this report was performed as if it had been one
task.

The two work assigmments are concerned with the redesign or modi-
fication of the canopy in the Cobra helicopter so as to minimize the proba-
bility of detection of the canopy, and thus the helicopter, by a ground ob-
server aided by sun glint,

The objectives of the tasks were to perfomm the redesign of the
Cobra canopy and to analyze the design in a modified version of a digital
conputer program (COBWIN) cdeveloped under Work Assigrment #2 of contract.
number DAAD05-72-C=028,

Both objectives were successfully met. A canopy design involving
five flat plate windows and nine baffles was developed after analyzing the
directional components of reflections from a single flat plate rotated in
space and the baffles required to block either the incoming rays or their
reflections.

The digital computer program developed in the earlier task was
modified so that its output was an x-y map of the reflected rays' intersec-
tion with the ground, The model was verified by comparing its output with
data from tests at !/ASSTER, This version of the digital camputer progran,
called SEEHC2, was used to analyze all windows which did not have baffles.

These windows included the 'Existing' Cobra canopy, the 'Porthole' canopy

1-1
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(a modified version with the side windows blocked out except for two portholes

on each side) and the 'LWL-35' canopy (a four flat-plate window canopy de-
signed by LWL and used to demonstrate the feasibility of flat plate windows
for reduction of glint),

The SEEHC2 progrem was further modified to accept baffles, This
version, called SEEHC3, was used to analyze the redesigned canopy configura-
tion, called 140° Baffled' and its non-baffled counterpart,the 140°1,

Additional work was performed under the work statement to assist
LWL in preparing for the flat plate window demonstration and to analyze the
probability of various sun elevations during the year.

The output of the work on the two tasks is the design for a Cobra
canopy configuration which allows no glints which can be seen on the ground
over almost all sun elevations below 65° and single detectable glints at sun
elevations near 2° and 20° while having a minimal effect on the aerodynamics
of the helicopter and on the pilot's and gunnert's vision blockage. In com-
parison, the existing Cobra canopy has a numerous grourd detectable sun glin’ts
at each sun elevation due to its curved canopy and the non-baffled flat plate
canopies have several ground detectable glints over some sun elevations in-
cluding those near 0° while having none over others,

We would like to express our thanks to the LWL staff in general and
Gerald Cook in particular for their assistance in performing these tasks. e
would also like to thank Dick Higby, John Goodell, and Warren Kendig of

Wlestinghouse for their inputs to our effort.
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2,0 FLAT SURFACE CANOPY ANALYSIS

2.1 Introduction

Results obtained in earlier studies as well as experiments performed
at Aberdeen Proving Ground indicate that a curved surface canopy is very un-
desirable from a glint standpoint, However, flat surface canopies have been
found to be much more desirable than curved surface canopies in reducing glint
characteristics, This result led to a concentrated effort to examine the
glint properties of flat surfaces in hopes that it would lead to a physically
feasible design which would reduce the glint pattern to as low a level as is
possible,

2.2 Ground Scenario
The helicopter scenario is illustrated in figure 2-1, The helicopter

is 100 feet above a horizontal plane region and maintains an aspect of 0° yaw,

HEL\COPTER

\\ X "~ >
K _A
/ 00 vy

) v

e

2

o)
N

HELICopTER HLADI |

HORILON

Figure 2-1, Helicopter Scenario
2-1
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5° pitch and 0° roll. A helicopter motion of +2° in yaw, pitch and roll
about the basic aspect is assumed, The ground region in which glints are
of interest is shaded and includes all areas beyond a 1 km semicircle. The
reason for this region is due to the fact that glints are of interest pri-
marily beyond a ground range of 1 km since within the 1 km range the heli-
copter is generally visible to the naked eye without the aid of glints.

The sun positions of interest are sun elevations fram 0° to 65°
and sun azimuth from 0° to 360°. The sun elevation extremes were set by LWL
to cover combat zones of interest,

2,3 Variables in the Design of Flat Plate Canopy

The basic design structure considered in this study is shown in

figure 2-2, The variables to be studies are the slope and the physical

TOP WINDOW

SIDE WiNDow

Figure 2-2, Basic Canopy Structure

dimensions (i.e, length and height) of each window, As will be seen later,
the initial consideration was the slope of each window and it will become

clear in section 2,4 why this variable received early attention., It was
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decided early in the analysis that for physical reasons the slope of each

window should 1lie within certain ranges as is shown in table 2-1.

Table 2-1 Window Slopes
Front Window 30°< e < %°
Top Window © < e < 12°
Side Window 90°< o < 9°
Front Vertical Window eE = 90°

The upper boundary onthe elevation angle (GE) for the front window was
due to aerodynamic considerations as well as the fact that angles larger than
90° would cause the top and side windows to have larger surface areas, The
lower limit on the @E for the front window is necessary to allow enough room
for the gunner to fit comfortably in the cockpit., The initial 1limits on the
slope of the top window were set arbitrarily with the idea of reducing the
surface area of the front and side windows by possibly sloping it at 12°. The
limits on the side window were set for optical reasons which will become
clear in a later section., The purpose of the following analysis is to deter-
mine the best slopes for the windows within these ranges in order to minimize
glints from the canopy surfaces, A factor which greatly influences the final
slope of the window is baffling effectiveness which will not became clear un-
til a later section,

The other variables which must be considered are the physical sizes
of the windows. These variables are constreined primarily by geometrical

considerations which will be discussed later in the report.
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2.4 cted Vector From a Genera t Surface
In Space

The following development leads to one of the key algorithms for

the analysis of specular reflections (glints) from a flat surface (window
surface) due to a point source (the sun), The development will be done with
the aid of figure 2-3,

The object of this development is to determine an expression for
the unit reflected vector in terms of the unit normal to the surface and the

unit incident ray. From figure 2-3:

(1)
(2)

~Sin Oy Cos #r{ -smgslsmoJ -CosoIk
Sin Oy Cos fy¢ + Sin f smom + Cos oNk

=> HY

From optics theory the reflected vector can be described by:

A A A A
(3) R=1I=2 (N-I)N where R = unit reflected vector

This equation is arrived at by applying Snell's Law and some vector analysis.

In order to use equation (3), N.I must be calculated:

=2>

A A A
I+N=N-I=-5in0, Cos & Sin §; Cos @, - Sin g Sin 6, Sin fy Sin Gy

- Cos &1 Cos ON
This expression can be simplified to:

A 2 .

Il + I =-Sin 6; Sin §; Cos (# - # ) - Cos &y Cos

A &K
Denoting the X, Y, Z components by(RX (RY, (R)Z

A
(4) (R)X = -Sin O Cos # +2 (Sin 6; Sin Q; Cos () + Cos 6 Cos &) SinBCus&y
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FLAT SUREACE

6.= ZENiTh ANGLE OF TNCIDENT Ry

Ou= ZENITH ANGLE OF SUREACE NoRMAL

I = Ut VEcToR Tn THE Duecren ot TreipenT Ray
N=Unit VECTOR In THE DIRECTION OF Sugence NORMAL
CbN = A2 1MuUTH ANGLE OF SURFACE NoRm AL

Pr= Az imuTt AnGLE OF IncipenT RAY

Figure 2-3, Reflected Vector From a Flat Surface in Space
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(5)  (R)Y = -Sin@ Sinfly + 2 (Sind; Sindy Cos (P; - Py) + Cosdy Cos@y) SinGySinfy

(6)  (R)Z = ~Cos®y + 2 (Sind, SinQy Cos (§; - #) + Cosdy Cosdy) Cosdy

2,5 Determination of Sun Positions Which Cause Glints In The Region of
Interest for a Given Window Elevation,

The region of interest is shown in figure 2-4. (Note that only
reflected vectors in this region give glints on the ground outside of the

1 km semicircle,)
*\7_
q5.75°

RELICOPTER X

GROUND LEVEL 100

Figure 2-4, Glint Region of Interest

This region results from the fact that glints from the canopy are
of interest only if they strike the ground at a distance of 1 km or greater
from the helicopter. Hence the region of interest can be described by the
following angular region:

90° < Zenith Angle < 91.75°

-90° ¢ Azimuth Angle < 90°

2-6
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The reflected vector calculated in section 2.4 is only of interest
if it emanates from the surface within the above angular region. In equations

(&), (5), (6), #; is the asimuth angle of the normal to the surface. This
angle can be set to zero in the following development without loss of gener-
ality since glint directions are referenced to the x-axis of the helicopter,
Setting Oy = @, equations (4), (5), (6) become:
(7) (RIX = ~SinGrCosfy + 2 (Sind; Sindy Cospy + Cosdy Cosdy) Sing
(8) (R)Y = -Sind; Sinf
(9 Rz = ~CosQ; + 2 (Sindy SinGy Cosfly + Cos@y Cosdy) Cos@y
Now if approximately the middle of the region of interest is considered, then
the zenith angle of the reflected vector is 91°. Since the reflected vector
R is a unit vector, then the Z camponent must be -,01745 ft. Hence from
equation (9) :

(R)Z = ~.0L745 = ~CosOy + 2 (Sind, SinGy Cosfly + Cosd; Cosdy) Cosdy
or

CosGy -2 Cosdy Cos 0y =.01745
(10) Cosg; =

2 SinGy Cosdy Sind;

The above equation expresses the conditions that must be satisfied in order
for the reflected vector to be in the region of interest, In other words,
for a given window elevation, and a given sun vector elevation, equation (10)
givesthe reflected vector azimuth at which the reflected vector zenith is 91°,
To gain a better physical feeling for the meaning of equation 10, consider

the following.
Suppose that the window is positioned as follows:

TECHNICAL LIBRARY
BLDG. 305
ABERDEEN PROVING GROUND,, MDu
STEAP-TL
2-7
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X
R! ‘ ‘ 50‘ 5 :t
/ Yoo
s FLAT SURFACE
130°
% ) G D TS G EB 0 Gb P o= = -
X
A ,
I‘,‘,“" I, *IncioenT RAY WiTH
SR 0° ALiMuTH
Ry I:* INCIDENT RAY WIiTH
180° AZIMUTH
R.= REFLECTED RAY Due TO X,
R3* ReFLECTED Ry Due Yo To

Figure 2-5, Illustration of Window Reflections

Suppose also that the incident sun ray elevation is 50°, Consider figure
2-5, Note that when the sun ray azimuth is zero degrees, the reflected ray
eminates above the region of interest. When the sun ray azimuth is at 180°
the reflected ray is below the region of interest. Hence for some sun rey
azimuth between 0  and 180°, the reflected vector must sweep through the
region of interest, Equation (10) can be used to calculate this sun ray
azimuth,

The results from equation (10) are shown in graphical form in
figures 2-6 through 2-11., All angles are with respect to earth coordinates
and the window yaw and roll angles are zero. Note that the earth coordinates
are the basic inertial frame for this problem as shown in figure 2-1 (denoted
by Xy, Yy, Zy). The window aspect can be referenced directly in earth coordi-

nates since the helicopter yaw, pitch, and roll are assumed to be zero,
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Offending Sun Positions for Various Elevations of Front Sloped
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Reflected Vectors Which Correspond to the Offending Sun Positions
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in the region of interest for a given window elevation and a given sun eleva-

tion, For example, consider the curve labeled Oy = 45° which corresponds to
a window elevation of 45°, The curve indicates that the sun vector azimuth
which causes specular reflections in the region of interest is approximately
91° for all sun elevations from 0° to 65°. Note that the data is plotted for
window elevations from 30° to 70°. Also note that as the window elevation is
decreased below 45°, the offending sun azimuths tend toward the rear of the
aircraft, and as the window elevation is increased, the offending sun azimuths
tend toward the front of the aircraft. Whereas the 45° window elevation has
offending sun rays coming from the side of the craft, As will be seen shortly,
this information yields considerable insight into the design of baffles for
the front windows,

Figure 2-7 corresponds to figure 2-6 and illustrates the azimuth of
the reflected vector when the reflected vector is in the region of interest
for a given window elevation and a given sun elevation, Note that for all
the cases considered, the reflected vector emanates toward the front of the
aircraft beginning with small azimuths for high suns and increasing in azimuth
as the sun gets lower in the sky. For example, when the window elevation is
45° and the sun vector elevation is 40°, the reflected vector has an azimuth
of -44° and a zenith of 91°.

It is important to note that figure 2-6 could have been plotted for
sun ray azimuths from 360° to 180° and the curves would have the same form.
For example, when the window elevation is LSO and the sun elevation is 65°,

a sun azimuth of 270° would cause a reflected vector with 91° zenith and an
azimuth of 22, 5°. In other words, the sun azimuths which cause glints in the

region of interest are symmetric with respect to the X-axis of the helicopter,
2-15
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The same comment can be made of the curves for the top window,

Figures 2-8 and 2-9 represent the same type of data for the top
window as figures 2-6 and 2-7 do for the front sloped window, Figures 2-10
and 2-11 illustrate this data for the inside of the side windows. In this
case, the sun ray would go through the cockpit and reflect off the opposite
window back through the cockpit and toward the ground., For the outside of
the side windows, there were no sun positions which cause glints in the region
of interest for window elevations of 92° through 100°, Note that figures 2-6
through 2-11 can be used to predict the positions of glints on the ground for
a variety of canopy designs which have the basic form shown in figure 2-2,
Also, a very important point is that for any glint on the ground, the sun
position which caused that glint can be located for a given window elevation,
2-6, Canopy and Baffle Design

It is clear from the curves in figures 2-6 through 2-11 that adjust-
ing the slopes of the window surfaces for the basic canopy will not eliminate
glints in the region of interest, The best that can be done is to adjust the
window slopes such that sun positions which cause glints in the region of
interest are located so as to result in the most efficient baffling system
in terms of number and sizes of baffles,

This leads to the next question: How can the data in figures 2-6
through 2-11 be used in order to aid in the design of baffles for each of the
aurfacea—'j The first step, however, will be to define the basic baffle con-
figurations to be considered in this study. The next step will then be to
use the data in figures 2-6 through 2-11 in order to evaluate the basic con-

figuntiona .

The basic baffle configurations are shown in figure 2-12,
2-16
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Figure 2-12, Basic Baffle Configurations
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2,6,1 Front Sloped Window and Baffle Design

The offending sun position data can now be used to adjust the slopes
of the basic canopy structure in order to minimise the sizes of baffles and
gain insight into the most efficient placement of baffles.

The approach used to analyze the required baffle height for a given
window elevation will be discussed in the next few paragraphs, The basic
philosophy of the analysis is illustrated in figure 2-13.

A
| _——=BarrLes

W INDow
SUREAL

Hu= ELEVATION OF wWiNpoW

BAFFLES ARE PERPEN-

< DiICuLAR TO WINDOW
SHADED REGION N ™

WINDOW PLANE Due o
To BAFFLES /N THE

PATH OF SUuN RAYS

Figure 2-13, Shade Map of Baffles in the Window Plane

Notice that corners A, B, C in figure 2-13 are contained in all three basic

baffle configurations in figure 2-12, The approach is to map corners A, B, C
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into the plane of the window in order to assess how large the baffles must be
in order to shade the entire window, This is the point at which the curves
in figures 2-6 through 2-11 are very useful, These curves indicate, for a
given window elevation, the positions of the sun which must be baffled. In
order to illustrate the approach,the analysis will be done thoroughly for a
specific case and then the results will be presented for all the cases con-
sidered,

Suppose that the window elevation is set at 40° and suppose that
the window is 2,67 ft. by 3.25 ft, (size of front window in the LWL Flat Can-
opy design). Then from figure 2-6, the offending sun positions can be found
and are shown in Table 2-2 along with the zenith and azimuth angles of the
corresponding reflected vectors,

Table 2-2
Offending Sun Positions and Corresponding
Reflected Vectors For a Window Elevation of 4O Degrees
.4
Sun Position| Sun Elevations| Sun Azimuth | Reflected Vector | Vector Azimth
Zenith
¢ 5 65° 115° 91° -22,5°
2 55° 105° 91° ¥ Tha
3 55° 101° 91° o
o .

L 35° 98° 91 59

5 25° 94° - -64°

6 35° 92° 91° “74°

0o
7 50 91 9° -a,°

The algorithm is to pass a sun vector with the given angles through corners

A, B, C and find the intercept of the ray with the window plane., This pro-
cedure generates a baffle shadow map in the plane of the window, The first

2-19
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step is to fix the baffle height to determine the change in the shape of the
shadow as the sun moves through the positions shown in table 2-2, The results

of this analysis are shown in figures 2-1, through 2-20, As can be seen, the
basic shape of the shadow does not change as the sun moves through the posi-
tions in table 2-2,

The basic baffle configuration in figure 2-12C can now be examined
in light of the maps generated, The major question for this baffle system is
how large must the baffles be in order to cause the line A'-B' to be outside
line C-D or in other words shade the entire window, The approach here was
to vary the baffle height until the corner B' remained outside the line for
all sun positions in table 2-2, This map is illustreted in figure 2-21 and
as can be seen, a baffle height of 2.3 ft was required to shade a window 2,67
ft x 3.25 ft,

The same approach was used to map corner A, C, D into window piane
along the reflected vectors in table 2-2, It was found that a baffle height
of 2,3 ft was required to shade the entire window, Observe, as shown in
figure 2-22, that it is only necessary to shade one-half of the window along
the reflected vector and one half along the sun vector,

This same analysis was done for window elevations of h3°, hSo, 500,
550, and 600. The results are shown in figures 2-23 and 2-24, Note that the
baffle heights shown are those which would be required to shade one-half the
window in the sun direction and in the reflected vector direction, Note also
that the figures given are only approximate and only show the trends in the
size of baffle required vs, the elevation angle of the window, The range of
elevations shown correspond to the range being considered for the front sloped

window, There is one major trend to notice in the curves, As the elevation
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BAFFLES

Window Elevation: 40°
Sun Azimuth: 115°

Figure 2-14, Baffle Shade Map in Window Plane for Baffle in Figure 2-12C
With Sun Elevation of 65°
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WIinDOW
PLANE

BAFFLES

Window Elevation: 40°
Sun Agimuth: 105°

Figure 2-15, Baffle Shade Map in Win-
dow Plane for Baffle in Figure 2-12C
With Sun Elevation of 55°

Window Elevation: 40°
Sun Azimuth: 101°

Figure 2-16, Baffle Shade Map in Win-
dow Plane for Baffle in Figure 2-12C
With Sun Elevation of 45°
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Window Elevation: 40°
Sun Azimuth: 98°

Figure 2-17. Baffle Shade Map in Win-
dow Plane for Baffle in Figure 2-12C
With Sun Elevation of 35°

Window Elevation: 40°
Sun Azimuth: 94°

Figure 2-18, Baffle Shade Map in Win-
dow Plane for Baffle in Figure 2-12C
With Sun Elevation of 25°
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Window Elevation: 40°
Sun Azimuth: 92°

Figure 2-19, Baffle Shade Map in Window Plane for Baffle in Figure 2-12C
With Sun Elevation of 15°
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: Sun Azimuth: 91°

Figure 2-20, Baffle Shade Map in Window Plane for Baffle in Figure 2-12C
With Sun Elevation of 5°
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Figure 2-21, Map of Corner B in Window Plane for a Baffle Height of 2,3 Feet
and Baffle Configuration in Figure 2-12C
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Figure 2-22, Illustration of Shadows of Baffle System in Figure 12C Under
the Condition That the Entire Window is Shaded .

of the window is increased, the size of baffle required gets larger. This

can be explained by using figure 2-6, Notice that as the elevation angle
of the window is increased from 45°, the offending sun positions move to the
front of the craft and hence the baffles must increase in size to shade the
same area in the window plane. To see this, imagine the limiting case that
the sun is directly in front of the helicopter with a vertical window and it
is easy to see that infinitely long baffles would be required,

The first major observation can now be made in regard to the adjust-
ment of the slope of the front window, It is clear from the results shown
in figures 2-23 and 2-24 that the elevation of the front window should be no

greater than h5°. The lower limit on the elevation of the front window is
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Figure 2-23, Illustration of the Relation Between Required Baffle Height and
Front Window Elevation for Full Sh Along the
Sun Vector (see Figure 2-22
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Figure 2-24, Illustration of the Relation Between Required Baffle Height and
Front Window Elevation for Full Shading Along the
Reflected Vector (see Figure 2-22)
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due to physical considerations which will be discussed later.

After a meeting with Mr, G, Cook, it was determined that the baffle
configuration in Figure 2-12C was unacceptable with the size of baffles re-
quired, The reason for this is due to obscuration of gunner and pilot vision
particularly by the lower baffle, A venitian blind affect was also discarded
as being unreasonable from a sight obscuration point of view,

The results of the above mentioned meeting led to the consideration
of the basic baffle configuration illustrated in figure 2-12(b), The purpose
of the analysis was to evaluate the placement and sizes of the baffles in
order to reduce glints from the canopy. (Note that the baffle configuration
in figure 2-12(a) can be discarded immediately since the offending sun posi-
tions for any of the window elevations are at azimuths which would require
side baffles as shown in figure 2-6,)

The first aspect of this final design of the front sloped window
was the placement of the baffles in such a manner as to create minimum ob-
scuration of pilot and gunner vision but allow reasonable baffle sizes to be
utilized, The existing curved surface canopy provided some insight into the
placement of the baffles, Consider the drawing of the existing Cobra canopy
in figure 2-25, The 16" flat portion in the center of the canopy suggested
the placement of four baffles on the front window as shown in figure 2-26,
With the baffles positioned as shown, the remaining variables to be determined
were the heights of the baffles above the window surface,

In order to determine the required height of the baffles, it was
necessary to use the results of the shadow mapping study discussed earlier in

this report, The method for doing this was a straight forward application of
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Figure 2-25, Sketch of Existing Curved Surface Cobra Canopy

Figure 2-26, Baffle Configuration Analyzed for Front Window
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the mapping results, Consider figure 2-27., The idea was to vary the height

of baffle AB until the shadow of baffle AB along the sun vector overlapped
with the shadow of baffle CD along the reflected vector as shown in figure
2-27, The same analysis was done for baffles (D and EF, and baffles EF and
GH, It was found that the minimum size baffles required were for window
elevations (with respect to earth coordinates) of from 40° to 45°, The rea-
son for this can be seen by considering figure 2-6, Notice that for window
elevations in this range, that offending sun reys approach the aircraft from
the side, In other words, the offending sun reys have azimuths (with respect
to helicopter coordinates) of from 91° to 115° (or fram 245° to 269° by
symmetry) for the case when the window elevation is 4,0°, When the window
elevation is L5°, the offending sun rays approach the helicopter from an
azimuth of 91° (or from 269°) for all sun elevations from 0° to 65°, The
fact that the baffle system under consideration should be smallest for t.heae
azimuths is intuitively obvious since they would be expected to be most ef-
fective in baffling sun rays approaching from the side.

The results of the above analysis showed the following size re-
quirements for the blffles in figure 2-27,

Baffle Height
AB 6n
cD 12v
EF 12
GH 6"

A further decision for the front window resulted in a window elevation of 40°.

This was chosen because the helicopter is normally pitched by approximately
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Figure 2-27, Illustration of Technique Used to Analyze the Baffle
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5° while flying. This would cause a total front window pitch of 45° to take

advantage of the baffle system's effectiveness against side suns. While
hovering at 0° pitch, the window would be at an elevation of 40° which is a
less restrictive case, The high sun position at a zenith of 25° places the
strongest requirement on the size of the baffle since, as the sun position
gets lower in the sky, the width of the shadows gets wider in the Y direction.
Notice the unshaded portions of the window in figure 2-27,

These unshaded areas created a need to lengthen the baffles in the
X-direction., The amount that the baffles have to be lengthened depends on
their height, The mapping analysis showed that the 12" baffles had to be
lengthened beyond the window surface by 12" in order to eliminate these un-
shaded regions, The 6" baffles had to be extended by 9", Note that the
length of the window in the X-direction does not affect the baffle design so
that this dimension can be varied to meet other constraints, The final front
sloped window and baffle design is shown in figure 2-28, Note that if it is
allowable to have high sun positions which giveA glints in the region of in-
terest, both height and the extension of the baffles can be reduced in size,

2,6.2 Top Window and Baffle Design

The analysis of the top window follows the same procedure as the
analysis of the front window, That is, the first step was to determine the
offending sun positions for the range of window elevations considered., Then,
those results were used to map baffle shadows into the window plane in order
to cause total shading of the top window for all offending sun positions.

Figures 2-8 and 2-9 show the offending sun positions for top win-
dow elevations from 2° to 12°, along with reflected vector azimuths due to

these offending sun positions. The elevation of the top window was set at
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Figure 2-28, Final Baffle Design for the Front Shaped Window
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5° to match the slope of the existing Cobra overhead window and as a compro-
mise between glint characteristics and reduction in surface area for the
front and side windows. Since the helicopter is assumed to have a 5° pitch
with a dither of _-_0;20, the total elevation of the top window must be con-
sidered to be 12°. Using the offending sun positions and reflected vector
data for the 12° case from figures 2-8 and 2-9, it was determined that 6"
baffles placed as shown in figure 2-29, were sufficient to shade the top
window as illustrated in figure 2-30,

Figure 2-29, Top Window Baffle Configuration

Notice again that there are triangular regions which are unshaded by the top
window baffles, It was expected that the extended baffles from the front

windows would shade the triangular regions in the front of the top window,
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Figure 2-30, Shadows of Baffles in the Top Window Plane

except for sun azimuths near 180°, However, it‘was necessary to provide
another baffle at the rear of the top window in order to shade the triangular
regions in the rear of the top window. This back baffle is actually an ex-
tended fairing on the sail to increase its width to 36" and retain its height
at 15" above the existing overhead window, The final configuration of the
top window baffle system is shown in figure 2-31,

2,6,3 Side Window Design

The side window elevations under consideration were from 90° to
100°, For window elevations from 92° to 100°, there are no sun positions
above the horizon that can cause glints in the region of interest from the

outside of the window, However, figures 2-10 and 2-11 show the results of
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Figure 2-31, Final Baffle Configuration for the Top Window

the above window elevations on the inside of the window, Note that outside
window elevations of 92° to 100° correspond to inside window elevations of
88° to 80° respectively. These curves show that by "tilting" the side win-
dows inward, glints can be eliminated from the outside surface but the inside
surface becomes a source of glints, Hence, it was decided that the side win-
dows should be vertical, A secondary reason for this decision was the fact
that "tilting" the windows inward as shown in figure 2-32 causes the top and
front windows to have larger surface areas, For a vertical side window, it
is only possible for glints to enter the regions of interest for very low
suns., This region of sun zeniths was estimated to be in the range of from

80° to 90°, As will be seen later, the results verify this estimation,
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Figure 2-32, Illustration of Tilted Side Windows

2,6.4 Front Vertical Window

The front vertical window requires no baffling because the reflected
ray will always be into the ground at less than 1 km when the helicopter is
flying with a 5° down pitch, Even at a level attitude, a sun elevation of
greater than 1.75° will put the reflected ray into the ground at a reange of
less than 1 km,

2,7 Physical Considerations in the Design of the Canopy

There are three main considerations in the physical design of the
canopy: |

(a) The canopy must be geometrically compatible with the existing

body design of the Cobra,
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(b) The design must allow adequate space for camfort and performance

of the gunner and pilot,
(¢) Along with minimiging unaided vision obscuration, the design

must take into account the forward optical sighting device used ’
by the gumner in tracking ground targets.
In order for the canopy to fit into the existing body design, the i
base of the canopy must be 36 inches wide and the height of the rear section
of the canopy must be 35,67 inches, Also, the length of the canopy must be

114 inches long. These dimensions are illustrated in figure 2-33,

< ny" - PG S

Figure 2-33, Geometrical Requirements on the Canopy Design

The limiting factor in the deéign of the canopy for the camfort
and performance of the gummer and pilot is the position of the gunner, Figure

2=3/, shows the location of the gunner's eyes along the x-axis with respect to
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Figure 2-34, Position of Gunnert's Eye

a coordinate system placed as shown (with the center at FS 53,5, WL 70, BLO).
The coordinates of the gunners eyes are:

x = =37,5" y=0 z = 12"
The final design will have to be consistent with these coordinates,

The final physical consideration is the optical sighting device
used by the gumer, Since no information has been provided as to the exact
location of the device, this aspect will not be considered., However, it will
be seen later that this is not an important consideration to the final basic
design, It is important to consider the optical path of the device., In a
meeting with G, Cook, it was deemed undesirable to place baffles in the di-
rection of the optical path, On the basis of this meeting, a decision was
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made to place a vertical front window below the sloped front window which

would provide a path for the sighting device, Since the helicopter is nor-
mally pitched at 5° in a hovering position, the front vertical window cannot
act as a source of glints in the region of interest, The reason for this is
that the vertical window will be pitched downward by 5° and any glints caused
by suns above the horizon would project inside the 1 km region about the heli-
copter,
2,8 Final Recommended Canopy Design

The canopy design is illustrated in figures 2-35 and 2-36,
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Figure 2-35, Final Canopy Design
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Figure 2-36, Isometric View of Final Canopy

In order to physically examine an approximation of the final canopy
design, an experiment was performed at Aberdeen Proving Ground at which baf-
fles were mounted on the existing flat canopy which was designed and fabri-
cated by the Land Warfare Laboratory (LWL). This canopy is illustrated in
the photograph in figure 2-37, The LWL canopy design differs from the final
canopy design of this report in some very significant respects. The LWL
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Figure 2-38, External View of Baffles Mounted on LWL Canopy (Front View)
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Figure 2-39, External View of Baffles Mounted on LWL Canopy (Front-Top View)
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Figure 2-40, External View of Baffles Mounted on LWL Canopy (Illustrating
top, side, and front)
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report for full shading, This point will require further analysis as this
study has not been primarily concerned with the structural considerations,
However, table 2-3 shows the approximate decrease in size as the high sun
constraints are relaxed, In other words, if the baffles are only required to
baffle for sun position below an elevation of 55° instead of 650, the sizes
of the baffles can be reduced as shown in table 2-3, This portion of the
analysis requires further attention as time did not permit a thorough inves-

tigation of this aspect,

Table 2-3
Baffle Heights Required for Partial Baffling For 40° Window Elevation

Required Required
Threshold Sun Elevation Sun Azimuth| Baffle Height | Baffle Extension
Above which glints occur Inside| Cutside| Inside|Outside
from front sloped window, =
559 91° and 269° gn 51 10, 5" b
1*50 910 and 2690 én L,5" g 5,5"

The second result obtained in this experiment was derived from
the photographs in figures 2-46 to 2-51, These illustrete the visual obscura-
tion to the gunner and pilot due to the baffles. Figure 2-46 to 2-48 show
the obscuration to the pilot. Figures 2-49 to 2-51 show the obscuration to
the gunner, The obscuration to the gunner is more pronounced than to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>